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Abstract 
 
A new company, Ion Linac Systems, Inc., has been formed to promote the development, manufacture, and 
marketing of intense, RFI-based, Ion Linac Systems. The Rf Focused Interdigital (RFI) linac structure was 
invented by the author while at Linac Systems, LLC.  The first step, for the new company, will be to correct a flaw 
in an existing RFI-based linac system and to demonstrate “good transmission” through the system. The existing 
system, aimed at the BNCT medical application, is designed to produce a beam of 2.5 MeV protons with an average 
beam current of 20 mA. In conjunction with a lithium target, it will produce an intense beam of epithermal 
neutrons. This system is very efficient, requiring only 180 kW of rf power to produce a 50 kW proton beam. In 
addition to the BNCT medical application, the RFI-based systems should represent a powerful neutron generator for 
homeland security, defence applications, cargo container inspection, and contraband detection. The timescale to the 
demonstration of “good transmission” is early fall of this year. Our website is   www.ionlinacs.com. 
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The Basic Format of an RFI-based Linac System 
The basic format of an RFI-based linac system includes an ECR ion source, a low energy beam transport (LEBT) 
system, an RFQ linac structure, an RFI linac structure, and associated rf power, vacuum, cooling, and control 
systems. In our preferred configuration, both linac structures are driven by a single rf power system, as shown in 
Fig. 1. The rf power is coupled to the RFQ linac structure, which in turn, is coupled to the RFI linac structure 
through a resonant coupler.   
The ion source is a 2.45-GHz microwave proton source (ECR-Type), which has demonstrated excellent hydrogen-ion 
current, proton fraction, beam emittance, and reliable cw mode operation, with currents as high as 30 mA.   
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Fig.  1. Basic format of an RFI-Based Linac System. 
The Advantages of an RFI-based Linac System 
The Rf Focused Interdigital (RFI) linac structure 
consists of a cylindrical cavity that is excited in the 
Interdigital H Mode (IH mode), and is loaded with 
two-part drift tubes that provide rf electric focusing 
for charged particles travelling along its axis. The 
RFI linac structure is very much more efficient than 
the magnetically focused Drift Tube Linac (DTL) 
structure. 
Because of the rf electric focusing in the RFI 
structure, the RFQ structure can be much shorter, 
where it is more efficient. This RFQ/RFI 
combination is extremely efficient (low excitation 
power) and compact (small foot print), resulting in a 
very economical package as revealed by Fig. 2. 
The RFI Structure 
Figures 3 and 4 show an RFI structure, which is 
designed to accelerate protons from 0.75 MeV to 
2.5 MeV in a length 0.75 m. Fig. 4 is a section 
view through the plane of the major stems showing 
some of the geometrical details along the axis of the 
structure. 
The drift tubes consists of two parts, a major part 
and a minor part, where the minor part is deployed 
upstream of the major part. The minor part is 
supported by the “hair-pin” shaped supports seen in 
Fig. 3.  The major part is supported by the heavier 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.  2. Linac Cavity Power vs. Output Beam Energy. 
bars in the horizontal plane. The portion of the longitudinal magnetic field that passes through the hair-pin shaped 
support gives rise to an rf voltage excitation for the rf quadrupole lenses within the drift tubes. A family of RFI drift 
tubes for cell lengths of 3, 4, 5, and 6 is shown if Fig. 5. 
 
   
 
Fig.  3.  An RFI Structure Fig.  4. A Section View of an RFI Structure. 
 
The RFQ Structure 
A meter-long, 0.75 MeV RFQ structure is shown in Fig. 6.  It is a box-like design composed of two major pieces 
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Fig.  5.  RFI Drift Tube Family. 
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(top and bottom) and two minor pieces (sides). The dipole 
mode spoilers (shown) are not needed for this short structure. 
There are only four mechanical rf contacts in this 
configuration. Fine tuning of the resonant frequency can be 
accomplished by shimming the horizontal spacing of the side 
pieces. The structure cooling channels are gun-drilled holes. 
There are no water to vacuum joints – all water connections 
are backed by rough vacuum. The entire RFQ structure is 
placed inside a cylindrical vacuum chamber. 
Beam Dynamics 
The beam dynamics for the RFQ structure is handled by the 
PARMULT code (an upgrade of the original PARMTEQ 
code). The beam dynamics for the RFI structure is handled 
by the PARMIR code (an extension of the PARMILA code). 
Both PARMILA and PARMTEQ are well established codes 
used around the world by hundreds of linac designers. 
The cell lengths in the RFI structure are EO/2 long. The rf 
quadrupole sequence employed has a 4-cell period (+ + - - ). 
The beam profiles through the 18 cells of the RFI structure 
are shown in Fig. 7. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.  7. Beam Profiles through 18 Cells. 
 
 
 
Fig.  8.  2.5-MeV RFI-Based Linac System. 
Fig. 6.  The RFQ Structure. 
The Practical Exam 
Ion Linac Systems has possession of a 2.5 MeV RFI- 
based, linac system designed for CW operation with an 
average proton beam current of 20 mA. It suffers from 
a design flaw that limits the peak current to 12 mA. 
Our first goal is to fix the flaw and demonstrate a 
pulsed beam current of 20 mA.  This linac system, 
shown in Fig. 8 is 2.84 meters long.   
Potential Products 
Ion Linac Systems has mature designs for a number of 
RFI-based linac systems: 2.5 MeV, 20 mA, CW, 
Proton Linac (the existing system), 4.0 MeV, 40 mA, 
Pulsed Proton Linac (for neutron radiography), 7.0 
MeV, 15 mA, Pulsed, H– Linac (for synchrotron 
injection).  Other beam energies and currents can be 
accommodated.   
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